The increased life expectancy of the population has led to new challenges, as very old patients with vascular problems are referred to vascular specialists. This series assesses the outcome of patients aged 90 years and older with lower limb ischemia. It was found that good limb salvage can be achieved by both surgical and endovascular revascularization, and independent living can be maintained in the majority of patients. However, the benefit of revascularization is limited by high mortality. Dementia seems to be an independent risk factor for poor survival, and in these patients conservative treatment should be considered if possible.
INTRODUCTION
As a result of increasing life expectancy, older patients with lower limb ischemia are being referred to vascular surgery units. 1 Revascularization of a critically ischemic leg can be justified for very elderly patients because limb preservation is likely to maintain ambulatory status and independent living. 2e4 Good patency and limb salvage rates after infrainguinal bypass can be achieved in older patients. 5, 6 However, the overall benefit from infrainguinal bypass may be limited in the very elderly because advanced age is associated with increased peri-and post-operative mortality after vascular operations. 7 Earlier data from the authors' institution demonstrated that in octogenarians with critical limb ischemia (CLI), endovascular revascularization was associated with better amputation free survival (AFS) than bypass. 8 Not only octogenarians, but also patients over 90 years of age are referred to vascular surgical units because of chronic or acute lower limb ischemia. Yet the outcome for nonagenarians with lower limb ischemia is not well known. Therefore, the main aim of this study was to assess the outcome of nonagenarians with lower limb ischemia in terms of limb salvage, survival, and AFS. Secondary objectives were to assess the independence and functional outcome after the revascularization.
MATERIAL AND METHODS
Two hundred and thirty-three consecutive patients over 90 years of age who underwent either surgical or endovascular revascularization for lower limb ischemia between January 2002 and December 2012 at Helsinki University Central Hospital were included in this retrospective study. Demographic data, procedural details, post-operative outcome, and follow up data were collected prospectively into the authors' institutional vascular and endovascular database (Husvasc), and scrutinized retrospectively. The demographic data included age, sex, comorbid conditions (diabetes, coronary artery disease [CAD], hypertension, dyslipidemia, cerebrovascular disease, renal insufficiency), and smoking habits, as well as pre-operative ambulatory and living status. The procedural data contained indications, type of revascularization, and details of the treated arterial segment (inflow and outflow vessels, and target vessel of endovascular revascularization), as well as graft materials and balloons, stents and so on. Post-operative data included complications and outcome at discharge. The follow up data comprised post-operative ambulatory and living status, limb status, revascularization patency, and dates of major amputation or death. The date and cause of late death were retrieved from the Finnish national population register, Statistics Finland. Data on late major lower limb amputation were completed retrospectively from the amputation register.
Diabetes was considered as hyperglycemia requiring diet, oral medication, or insulin treatment. CAD was defined as a previously documented myocardial infarction and/or ongoing angina pectoris, or previous coronary bypass surgery or percutaneous coronary intervention. Cerebrovascular disease was defined as a previous stroke or transient ischemic attack. Estimated glomerular filtration rate (eGFR) was determined according to the modified Modification of Diet in Renal Disease study equation. 9, 10 The presence of dementia was based on previously diagnosed dementia in patient records (Alzheimer's disease, vascular dementia, or other type of permanent cognitive impairment). The diagnosis was usually made by a neurologist or geriatrician. The functional status pre-and post-operatively was assessed as living status (home, nursing/sheltered home, healthcare center, or hospital) and as ambulatory status (walking without aid, walking stick, walking aid, wheelchair, or bedridden).
Survival, limb salvage, and AFS rates with mean AE SE were calculated by the KaplaneMeyer method. Cox regression analysis was used to assess risk factors associated with poor AFS. All variables presented in Table 1, as well as revascularization level and type of ischemia (acute vs. chronic), were included in univariate analysis. Only variables with a p value < 0.2 in univariate analysis were included in regression model. Statistical analysis was performed using SPSS 19.0 statistical software (IBM, Armonk, NY, USA). The study protocol was approved by the institutional review board of Helsinki University Central Hospital (Department of Surgery).
RESULTS
The median age of the study population was 92 years (range 90e100 years). The majority (81.1%) of the patients were female. The incidence of diabetes was 24.5%. Eighty percent of patients had CAD. There were only a few current smokers (n ¼ 5; 2.1%). More than 60% (63.5%) of the patients had renal insufficiency; in most (56.2%), the renal insufficiency was mild or moderate (eGFR 30e60 mL/min/ 1.73 m 2 ), whereas 7.3% suffered from severe renal insufficiency (eGFR < 30 mL/min/1.73 m 2 ). Almost one in five patients (18.5%) had dementia (Table 1) .
Seventy-three percent (n ¼ 170) of the patients had chronic CLI (rest pain n ¼ 56, ulcer/gangrene n ¼ 114) and 27% (n ¼ 63) had ALI (thrombosis, embolism). Seventy percent of the patients underwent surgical revascularization (bypass, endarterectomy, or thrombectomy/embolectomy), and 30% were treated endovascularly. The type of revascularization is presented in detail in Fig. 1 .
The overall survival, limb salvage, and AFS at 1 year were 50.2%, 85.8%, and 45.5%, respectively. The median survival time was 12.3 months (range 0e152.0 months), and 5 year survival was 13.2%. The overall peri-operative (30-day) mortality was 16 Pre-operatively 83% (n ¼ 194) of the patients were living at home or in home like circumstances (nursing home or sheltered home), and the majority (72.2%) of these patients maintained their independent living status, whereas 27.8% ended up, at least temporarily, in institutional care postoperatively (Fig. 3) . There was no statistically significant difference between surgically and endovascularly treated patients regarding the preservation of pre-operative living status (71.2% vs. 75.7%, respectively; p ¼ .476). Ninety-one percent (n ¼ 213) of the patients were ambulatory preoperatively, and the majority (82.2%) of these patients maintained their walking ability, while 17.8% were not able to ambulate independently after revascularization (Fig. 4 .) The preservation of ambulatory status did not differ between surgical and endovascular revascularization (81.0% vs. 84.3%, respectively; p ¼ .548).
DISCUSSION
The increased life expectancy of the population has led to new challenges as very old patients with vascular problems are referred to vascular specialists. In the future, the number of nonagenarians and even older patients will increase. Therefore, a new problem is being faceddat what age does a patient cease to be a candidate for revascularization? This series assesses the outcome of the oldest patients with lower limb ischemia. It has been shown that in nonagenarians, the median survival was low. However, the limb salvage rate was good and the majority of the patients maintained their ambulatory status and independent living. For this patient group, it seems to be most important to assess frailty and cognition pre-operatively to predict adverse post-operative outcomes. This helps the clinician to choose the best treatment for each patient. Furthermore, the people taking care of these patients should be alerted to diagnose complications early.
Advanced age is definitely a risk factor in patients undergoing lower limb revascularization, 7 but it is difficult to determine a certain age limit for attempting revascularization. In the present series, the overall peri-operative mortality was 16.7% (19.6% vs. 10.0% in a surgical vs. endovascular group, respectively). Peri-operative mortality rates in series of octogenarians with CLI in the literature are reported to be 2e22% for patients undergoing infrainguinal bypass, 3,8,11e14 and 2e12% for those undergoing endovascular revascularization. 3, 5, 6, 8, 12, 13, 15 Therefore, it seems that there is no significant difference between octogenarians and nonagenarians in terms of peri-operative mortality. However, as one might expect, the older the patients are, the shorter the life expectancy is. In the current series of nonagenarians, the median survival was only 12.3 months (0e152 months) and 5-year survival only 13.2%, which is a much poorer rate than in an earlier series of octogenarians with CLI, in which the median survival time was 2.5 years and 5 year survival was 35.7%. 8 Considering this, conservative treatment, at least in patients with limited tissue loss and tolerable rest pain, might be the best option. Although the prognosis of unreconstructable CLI is poor, in this particular patient group, the 54% limb salvage and 46% survival rate at 1 year described by Lepäntalo and Mätzke can be considered acceptable. 16 However, in this age group, long-term survival is perhaps not the most appropriate end point. A more relevant one might be that the majority of these patients preserved their limb and were able to live the rest of their lives independently in their own home. It is therefore clear that among patients over 90 years of age, only those with such expectations should be considered for revascularization. Moreover, age per se is not the only determinant of poor outcome in this very elderly patient group. Comorbid conditions, the suitability of arterial anatomy for revascularization, and other patient related factors are even more important to take into consideration than in younger patients. The current series also included patients with acute lower limb ischemia. Limb salvage at 1 year (82.9%) was the same as patients with CLI, but 1 year mortality was significantly higher in patients with ALI. Similarly, Galzerano et al. published a good 1 year limb salvage rate (88.2%) in nonagenarians with acute limb ischemia, 17 but concluded that in this patient group vascular procedures are associated with high mortality. The results of this study show a trend towards better peri-operative survival in the endovascular group. A similar finding has been described in a series of octogenarians. 6, 8 However, at 1 year limb salvage and AFS were similar in the surgical versus endovascular groups. The impairment of living status and ambulatory status after revascularization were also similar between the two treatment methods. Although endovascular revascularization is considered less invasive, in this series of nonagenarians, the endovascular approach did not have any benefit over surgery in terms of preserving functional status. A similar finding was observed recently by Vogel et al. 18 The patient demographics of nonagenarians differ quite significantly from those usually reported in series of patients with CLI. In this age group, patients were predominantly (81%) female, and only 25% had diabetes. The low incidence of diabetes in this age group is probably due to the high mortality and reduced life expectancy of diabetics with severe peripheral arterial disease. 19 However, the incidence of CAD (80%) and renal insufficiency (64%) were extremely high. In the present series, dementia was the only significant predictor of poor survival. Similar findings were shown by Hu et al., 20 where dementia patients who underwent surgery had a significantly higher overall postoperative complication rate compared with controls. Patients with dementia had a higher incidence of acute renal failure, pneumonia, septicemia, stroke, and urinary tract infection. These complications were difficult to diagnose in their initial stages because the symptoms differ from the usual, which may delay diagnosis.
Cognitive impairment predominates in the older population. Patients with dementia often have comorbid conditions that may lead to post-operative mortality and morbidity. The incidence of delirium is high in older, frail surgical patients, especially if dementia or cognitive decline is present. 21 The prognosis of delirium is extremely poor, leading to permanent institutionalization and high mortality. 22 Patients with dementia and decreased cognitive reserve need a lower number of etiologies to develop delirium and the profile of causative agents differs among patients with and without dementia. 23 Patients undergoing vascular surgery are prone to delirium. 24 Elderly patients have physiological changes that impair the functional reserve and increase vulnerability to disability. Dementia is much more than a memory and cognitive dysfunction. The concept of frailty has been developed to characterize decreased physiological reserves across multiple organ systems arising from cumulative comorbid conditions. 25 Risk factors for peripheral vascular disease, such as hypertension, hypercholesterolemia, and smoking, predispose to vascular cognitive impairment and increase the risk of delirium. The prevalence of undiagnosed cognitive impairment in older patients presenting for vascular surgery has been investigated by Partridge et al. 26 According to their study, the prevalence of cognitive impairment among older patients (>60 years) is high (68%) and frequently undiagnosed (88.3%) before admission. They suggest the identification of cognitive impairment pre-operatively as the combined assessment of frailty and cognition is predictive of adverse post-operative outcomes and longer hospital stay. In this study, 18.5% of patients had been diagnosed with dementia or cognitive impairment. However, according the results of Partridge et al., 26 the prevalence of dementia should have been much higher. The underestimation of the presence of dementia in the current study is probably due to the fact that the diagnosis of dementia was dependent on previous diagnosis by neurologist or geriatrician, and no formal mental or cognitive assessment was performed preoperatively.
The limitations of the study are its retrospective setting and the lack of a control group. One flaw is also the heterogeneity of the study population as the study included patients with both chronic and acute presentations of limb threatening ischemia. The inclusion of acute cases is relevant as this pattern appears to become more frequent with increasing age.
In conclusion, the overall survival of patients aged 90 years and older is very poor. Good limb salvage can be achieved by both surgical and endovascular revascularization and independent living can be maintained in the majority of patients. However, the benefit of revascularization is limited by high mortality. Dementia seems to be an independent risk factor for poor survival, and in these patients conservative treatment should be considered if possible.
